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The  ipt.il  uhspi  ptinn  crow-vcttum  {or  eociHeicm)  an  ves  of  nitrogen  and  <»\>  pen  recently  mensural 
in  i he  5MM0X0  A  wavelength  region  using  a  lloplicld  helium  comimmm  background  light  source 
nre  discussed  in  reluiion  to  the  absorption  of  solar  indi.ilion  in  ilice.triti's  upper  niinospliere,  Similar 
meusun-ments  thing  the  hydrogen  many-line  spectrum  background  in  the  1375-1 CHI  A  region  and 
the  I WO-IMOA  region  of  the  oxygen  Selui.naim-Riinge  comimnmi  ate  also  dcsetihed  A  taWe 
listing  cross- seel  ions  of  nilrogcit  and  oxygen  ai  all  of  the  important  solar  emission  lines  in  the  SSH- 
1050 A  region  i«  given.  Oar  measurements  ate  compared  vsith  values  given  by  others  where 
possible. 

The  absorption  of  solar  ultra-violet  radiation  in  the  atmosphere  produces  ions, 
atoms,  and  electrons  which  then  generally  undergo  further  reaction  with  each  other 
and  with  the  ambient  atmospheric  constituents.  In  order  to  understand  the  numerous 
"reactions  that  occur  in  the  atmosphere,  it  thus  becomes  essential  to  know  the  primary 
photochemical  formation  rates  of  these  reactive  species.  Tor  this  purpose,  it  is 
necessary  to  know  the  solar  radiation  Hits  incident  on  the  upper  atmosphere,  the 
number  densities  of  the  atmospheric  constituents,  the  total  absorption  cross-section, 
and  the  cross-section  for  the  specific  product  of  interest. 

The  purpose  of  this  paper  is  to  make  readily  available  to  upper  atmosphere 
theorists  reeen  >y  measured  total  absorption  cross-sections  of  nitrogen  and  oxygen, 
primarily  in  the  5X0-1050  A  wavelength  region.  These  measurements  were. obtained 
with  a  continuum  background  light  source,  in  contrast  to  most  oilier  measurements 
which  were  obtained  with  line  emission  background  light  sources  and  which  there¬ 
fore  cannot  adecpiatcly  measure  the  complicated  structure  usually  present.  A 
general  discussion  of  these  measurements  and  their  relation  to  the  molecular  struc¬ 
ture  has  been  previously  given.1- 2  In  Ibis  paper  we  wish  to  describe  in  more  detail 
the.  measurements  at  important  solar  emission  lines  and  also  recent  measurements 
in  the  Oxygen  Sclnimann-Runge  continuum. 


EXPERIMENTAL 


The  experimental  method  will  not  be  given  in  detail  here,  since  il  has  been  previously 
described.1- -  A  repetitive,  condensed  discharge  (0002  ,ul;.  5  ke)  through  helium  (LX  mm 
I  Ig)  gives  an  intense  I  loplield  continuum  1  from  5X0  to  1 100  A.  i  he  radiation  then  is  dis¬ 
persed  with  a  2-218  in  normal  incidence  monochromator  apiipped  with  ditleremial  pumping 
at  the  100  micron  entrance  slit.  A  10  cm  long,  windowless  gas  absorption  cell  is  placed 
directly  behind  the  exit  slit.  ‘I  be  radiation  is  detected  with  a  sodiiim-saheylate-eoatcd 
glass  disc  at  the  end  of  the  cell  a  lew  mm  from  a  photomultiplier  (EMI  95 MU),  Pressures 
were  measured  with  a  McLeod  gauge.  Reagent-grade  gas  from  the  Air  Reduction  Com¬ 
pany  was  used.  Wavelengths' were  located  to  .01  A  using  impurity  lines  of  known  wave¬ 
lengths,  and  the  bandwidth,  as  measured  from  the  impurity  line  half-widths,  was  slightly 
less  than  0-5  A. 


I  jit?  absorption  crow-scction  <t  mi  absorption  cocHicicjtf  i  is  detmed  by  the  expression* 

/  ^  /4>  C\p  (  /o  C\p  [  (l) 

where  /o  and  /  arc  the  relative  intensities  without  and  with  gits  in  the  cell,  v  h  die  absorption 
path  length  reduced  to  s.t.p.,  ami  *ui  h  2*69 x  IOl*iem  \  l  osehmtdfs  mmitvr.  the  ab¬ 
sorption  cross-section  h  given  in  units  of  mega  barn  (Mb),  which  is  equal  to  UV  t»cm> 
ami  the  absorption  oeiheient  in  units  of  em  l  In  all  eases,  a  second  /« scan  was  made 
alter  measuring  the  absorption  to  In?  sure  that  the  light  source  intensity  had  remained 
constant, 

A  small  scattered  light  correction  of  from  0  a  to  3  was  subtracted  from  all  intensities. 
At  wavelengths  less  than  661 A  in  N*  and  722  A  in  0.\  it  was  necessary  to  make  mill 
corrections  for  lluorcwcucc  of  the  ps  in  the  absorption  cell.  In  the  1375-1450  A  region, 
it  was  necessary  to  correct  for  fluorescence  from  the  lithium  fluoride  windows, 

I  he  measured  cell  pressures  were  corrected  for  the  pressure  gradient  along  the  light  path 
during  wimlmvless  operation  by  measuring  the  absorption  of  oxygen  around  the  peak  o! 
the  Sehumann-Runge  continuum  (1375*1450  A)  both  during  normal  flow  operation  and 
with  a  lithium  fluoride  windowed  cell.  From  these  results,  the  measured  absorption 
coctlieiems  were  increased  by  the  factor  H5. 

AIIHUKI'TION  chuss- sections,  580-1050  A 

In  this  section,  absorption  cross-section  curves  averaged  from  at  least  live  scans  at 
dillercm  pressures  are  given.  In  all  eases,  tire  curves  agreed  well  with  previous  spectia 
taken  in  this  laboratory  with  a  6*8  m  grazing  incidence  spectrograph. 

Nitrogen  absorption  cross-sections  are  shown  in  lig.  I,  cove.ing  1000-800  A  ami  in  tig.  2. 
covering  800-600  A.  Many  sharp  molecular  bands  whose  rotational  .structure**  are  not 
resolved  with  the  present  bandwidth  are  observed  between  1000  and  796  A.  the  lust  ion- 
i/ation  threshold,  l  ot*  these  unresolved  bands,  the  absorption  cross-section  incteases  as 
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Fici.  1. . Absorption  cross-sections  of  nitrogen  in  the  1000-800  A  region, 

the  pressure  decreases.  This  '*  apparent  pressure  effect  "  is  probably  due  to  extremely 
high  absorption  cross-sections  in  the  sharp  rotational  lines  which  generally  produce  total 
absorption  at  the  pressures  used.  In  this  case,  the  given  band  maxima  represent  a  lower 
limit,  and  much  higher  resolution  will  be  needed  to  study  these  bands.  There  is  no  con¬ 
tinuum  observable  between  these  bands  larger  than  the  approximately  one  Mb  lower  limit 
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<»  irttK.tk*  cross-section  measurements  m  Uwse  cxiwmcnis.  Mu'  sigutltcani  tw  «> 
th  vvututuum  beginning  near  MO  A  is  probably  due  to  unresolved  Rydberg  series  memlvtx 
vimu.g.ng  tbe  first  ion./ainm  threshold  .0  7%  A.  IWwtuse  of  the  absence  of  a  con- 
mm,;, ii  and  of  the  sham  appearance  of  the  kinds  in  higher  resolution  spectra.*  it  ts  unlikely 
t*«.u  .-hioiption  l»y  nitrogen  in  the  1000  7%  A  region  will  lead  to  formation  ol  nitrogen  ,tu 
h>  iihiittHlissociattwi  in  the  mmospheie,  It  is  possible  that  predissoetatton  may  o.vut 
|M  |,i  Miese  hands ,  however,  the  necessary  high  resolution  studies  have  not  been  •’one, 
'i  wavelengths  between  SOtKI  and  1050 A.  the  nitrogen  absorption  bands  are  muen  w. 
tm-pcr  limit  about  0  01  Mb  M  aud  co 'HI  not  l*c  measured  m  the  present  ease. 
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|.*,ci  2.  Absorption  cross-sections  of  nitrogen  in  the  N00-600  A  region. 


•M  wavelengths  less  than  7% A.  nitrogen  can  he  ionized  lo  **ie  .\-l„  grminc  stale  of 
\''  mil  lie.  2  shows  the  presence  of  the  expected  continuum  m  this  region.  I  here  at 
manv  hands,  especially  in  the  796-725  A  region,  which  have  been  found  to  be  extensively 
piv-ioni/ed."  Around  the  Nl.l'll,,  threshold  at  743  A.  there  is  a  gradual  rise  in  the  u  n- 
! minim  towards  shorter  wavelengths.  I  lowever.  at  the  N  J  H'lt  state  Ihresho  d  a  M  \ 

■  hciv  is  -t  step-like  threshold  and  then  a  relatively  featureless  continuum  down  to  Ik  lower 
"f  S»A.  In  ft*  won  M.  Ml  A,  numsceiite  l-NI  te  '«» 
observed  *’  I  his  radiation  is  probably  the  Inst  negative  hands  of  N  2 .  «  >'  ■ 

, —n  absorption  cross-ie.ions  are  shown  in  the  1060-830  A  region  in  hg.  am 
1M  ,|u-  S h»-60«  A  region  in  lig.  4.  The  observed  continuum  increases  vny  slowly  below 
i he  ties,  ionization  threshold  at  1026-7  A  t.V-TI,,  slate  ol  07).  Probuby 
dilVc cnees  in  equilibrium  intcrmiclear  distances  between  the  ground  states  ol  <).•  and  >:• 
\,  i he  other  ionization  thresholds  shown,  the  continuum  also  rises  gradually.  In  .addition, 
dissociation  continual  may  contribute  to  the  observed  com.mmm. 

All  of  tlic  hands  at  wavelengths  less  than  the  ionization  thicshold  ol  I0J»  7  A  aic  dilliise 
I mv  been  found  to  be  pre-ionizedJ  At  wavelengths  less  than  about  ,22  A.  Huorcseencc 
irom  O;  was  observed.”  Ibis  was  probably  due  largely  to  the  second  negative  bands 
of  O ;  , I’l  l,,  - A  -f  1,,-.  In  general,  the  oxygen  curve  is  much  better  known  than  the  mtioge  i 
l  lie  bands  are  more  .dilTusc  due  to  pre-ionization.  .  .  , . 

I,,' lig.  1-4.  the  experimental  error  is  estimated  to  be-  :  10  %  titider  the  mos  lavou.a  e 
conditions  I  his  error  applies  for  absorption  cross-sect  tons  between  about  ..  and  150  Mb, 
and  becomes  larger  outside  these  limits.  Where  necessary  tit  later  discussions.  M'culic 

estimated  errors  will  be  given. 
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j  io\  t  <  f  i»>\>,  1050  J(HK)  A 

has  a  nuntlvr  ofutawpium  h ami  swivms  m  this  wavelength  region,  I  hmever, 
ut  lit  these  are  tpnic  w  -4#,  amt  arc  optically  lorbuhlcn.  No  aceuiute  ciosvscciions  have 
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l  it.,  x  Absorption  cnKvseclionx  of  oxygen  in  the  KMfkSeOA  legion. 
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ru..  a. -  Absorption  cross-sections of  oxygen  in  the  830*600  A  region. 


absorption  crcK*-seclion  UO’J*  cm-) 


a,  }  t  unTMxs.  v  i  \ v\ k  \  \M*  i  i  t  \hh a h r i.  o 

ken  mcavwctk  and  ihe  strongest  kmd>  haw  itvnvrallv  kvn  estimated  so  Iv  no  Mrger  loan 
it  ill  Mh  PredHsocMtion  has  ken  unmd  in  some  *4  the  I  yman4hrge  llopticM  hum 

m  this  region^  „  ■  _  . 

(hi  \ he  other  ti.uuK  oxygen  has  an  intent  complicated  absorption  sivetnim  m 
region/  The  Schumann Kunge  iSIUcomimmm  Kivuvn  roughly  I 300  and  1750  A  is  pvr- 
ally  kheved  In  k  responsible  for  irovt  of  the  atomic  ovygen  found  above  90  km  m  the 
timo-sphere,  Absorption  in  tins  continuum  yieUK  one  'V  groiMUl  state  atom  ami  one  /) 
excited  state  atom  per  photon  absoibcd.  IVedivsiHuation  can  occur  in  the  SK  bands, 
in  tins  ease,  two  */>  ground  Mate  atoms  are  formed  in  the  dissociation. 

We  have  measured  the  absorption  cross-section  of  the  SH  continuum  aouml  its  maximum 
using  a  lithium  iHmridc  windowed  absorption  cell  ami  the  hydrogen  molecular  spectrum 
as  background.  Measurements  in  the  broad  maximum  <13754450  Al  of  the  continuum 
ami  at  a  few  wavelengths  near  1 630  A  are  given  in  table  L  At  the  observed  peak  ot  the 


I  Mur  t.  AnsoHPtuo;  iiiiiiimvts  ot  ox  yeas*  is  nit  m  iu  mawiii  san  instiNta  m, 
\  i  1  mi  maximum  ot  mi  in xi  n  itu  tmtotuit  mi  mi  asi  hi  mi  ms  tavis,  rm  k-ww  i 
iv  aiMcm  *  VM»  MU  vv  win  v.m  IS  1415  SA.  Smoiuih  vwvimsmu  hwu  vvm  is 

WIK  AOI  S  f  <1  9  1*1  7  Ml  ASt  HI  Ml  MS.  1**0*111  VV  VV  1 1 1  SUlll  K\St«l  VAU1  S  AVIHWaSOI 
3  Ml  ASt  HI  V||  S|S.  |  SUM  Ml  1 1  MtIUm  IS  MSS  III  AS  10  V 

a  Vi 
13700 
137*05 
1303*3 
!  305*5 
13%  7 
1398-2 
1401*3 
1 40 IX 
M00*  5 
1*109  5 
1412*0 
1426*8 
112‘M 
1430*2 
1431*8 
1432  I 
1433*5 


agivemeni  with  several  oilier  photoelectric  measurements/'  '* 1,1  However.  it  is  roughly 
}d  ",  lower  than  several  early  photographic  lechnkiuc  measurements.11  I  he  pioblcm  ol 
reconciling  these  measurements  has  been  discussed,  ■  1  and  it  is  appaient  that  piecisc 
measurements  by  several  independent  techniques  must  Iv  carried  out  m  an  attempt  to  its 

the  best  value  n!  this  important  cross-section. 

We  have  not  measured  cross-sections  with  comparable  accuracy  at  any  other  wave¬ 
lengths  in  this  region.  It  is  planned  to  study  this  entire  region  with  continuum  background 
hght  sources  in  the  future.  In  particular,  the  region  1050-1350  A  will  be  studied,  since  it  has 
not  been  nossibk  to  interpret  the  cross-section  curves  well  in  this  region. 
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III-  solar  radiation  flux  '!>(/),/.  >  in  photon  an’ see  at  any  altitude  li  is  t'ivcn  by  the  c>. 
prcsMon 
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where  <ly  ii  is  she  rtu*  MHavm  on  till?  earstfs  auuospjk.e,  e  v%  the  toul  .dw»*?piimi  eio>v* 
section  for  the  /tit  constituent.  and  V,  A  th*  mimlvr  *7  atoms  m  \  wsuai  or  daut  cow 
column  along  the  pnh  or  the  incident  radiation,  I  he  prodvvnon  rate  of  a  new  s*Hm$ 
by  absorption  0!*  solar  Mitialion  k  given  by 

K ai/ii  -  \  h  (,V) 

whereat  is  the  ertKvxevtiou  for  absorption  by  the  oh  eommuew  lead mg  to  pnuvvs  A  amt 
-tyi/11  k  1  lie  number  density  of  die  dh  eonxiitueim  I  he  mnv  Hvmui  au  is  the  fraction  nl 
the  total  absorption  cross scctum  which  yields  the  product  of  interest  tins  eioxswvition 
may  describe  ioni/ahon,  dissociation.  divanmidve  mm/ahon.  lluoiVHvnee.  piodtict  ewn 
ation  or  other  prevesses  li  will  I v  obwrvvd  in  di,  that  both  the  speerne  process  cross 
section  ffyi  ami  the  total  absorption  cowvmvuoik  U*r  all  atmospheric  constituents  arc  neces¬ 
sary  More  accurate  production  rates  at  a  mum  wavelength  can  Iv  calculated. 

At  certain  wavelengths  and  altitudes  there  are  effectively  only  one  or  two  absorbing 
constituents. M  In  addition,  from  measurements  of  the  solar  tins  at  a  mimlvr  of  wave- 
lengths  as  a  function  of  altitude,  the  mimlvr  densities,  and  total  absorption  cross-sections 
m  some  cases,  can  be  found,  ^ 

I  he  solar  this  below  about  I  Mi)  A  consists  almost  entirely  of  emission  lines,  although 
the  hydrogen  l.ynun  continuum  does  esteml  throughout  the  icgir  \  *11  d*Mht  V  In  order 
to  calculate  production  rates,  it  is  essential  to  know  the  cross  sections  at  then*  lines.  Our 
measurements  of  the  total  absorption  cross-sections  are  given  for  nitrogen  and  oxvgcn 
in  table  2  together  with  the  proposed  classification  and  the  g-neral  type  of  absorption 
occurring  at  the  solar  line.  We  have  selected  these  lines  front  recent  photoelectric  in¬ 
tensity  measurements. ia|  A  mimlvr  of  other  lines  have  been  found  by  several  inves¬ 
tigators.1**  tf*  hut  they  arc  weaker. 

I  he  .mlrogen  Ivman  eontimnun  can  be  readily  observed  in  the  upper  atmosphere 
solar  spectra  extending  from  to  about  S00  A.  With  some  improvement  in  noise  levels, 
it  will  probably  be  possible  to  observe  the  absorption  spectra  of  nitrogen  and  perhaps  oxygen 
superimposed  on  the  continuum,  l  or  identification  of  spectra  and  possible  mimlvr 
density  measurements,  the  appropriate  sections  of  tig.  I  and  tig.  ,<  may  be  utilized. 

The  estimated  errors  in  table  .1  are  in  several  cases  larger  than  the  estimates  previously 
given.  '  his  is  in  order  to  take  into  account  special  factors  which  increase  the  error  estim¬ 
ates,  such  as  impurity  lines  in  the  region,  low  background  light  intensity  at  the  edges  of 
the  continuum  background,  **  apparent  pressure  elVeel  “  in  unresolved  hands,  and  cross* 
sections  outside  the  range  of  most  accurate  measurement,  the  values  are  considerably 
better  relative  to  each  other  than  absolute!). 

Several  intense  lines  in  table  2  deserve  special  discussion.  At  1025  7  A,  II  la  //,  we  find 
oxygen  has  a  moderate  cross-section  of  1*5  Mb.  Other  values  have  been  2  0, l  ?  I T>,‘ 

Hi, 7  1  •*>. l11  anti  2*2  Mb.-*'  There  does  not  appeal  to  be  any  reason  to  place  less  weight 
on  any  of  these  results.  I  he  average  of  l*S  Mb  is  probably  the  best  value  at  Ibis  time,  and 
all  measurements  are  within  i5  which  is  the  snnllesi  error  claimed. 

I  nc  nitrogen  cross-section  at  9/2*5  A.  II  1  v  y.  is  very  large.  We  luul  the  emv;  section 
to  be  500  Mb.  and  other  measurements  are  370, o  150. 1  II  *  and  |00/!l  I  here  is  a  large 
"  apparent  pressure  died  "  because  of  insuilieient  resolution.  and  the  measured  values 
should  he  considered  to  he  lower  limits.  With  this  consideration  and  also  because  special 
low  pressure  measurements  were  clone,  die  most  reliable  value  is  probably  (he  largest  one. 
or  370  Mb.  Ihis  value  is  within  the  estimated  error  of  our  measurement.  Our  oxvgen- 
emsssection  at  M  I  vy  is  31  Mb.  which  is  identical  with  another  recent  measurement. 1!' 

A  higher  value  of  50  Mb  has  also  been  obtained.1' 

I  he  He  I  line  at  5X4*3  A  is  one  of  the  most  intense  lines  in  this  wavelength  region,  but 
union unatelx  il  is  relatively  weak  and  also  partially  self-absorbed  in  our  light  source, 
’therefore  the  error  shown  in  table  2  is  larger  than  for  most  of  our  measurements.  I  or 
niimgen.  our  measurement  is  3  b  Mb.  Other  measurements  are  b\r  2<V'-\  I 19  M 
and  U.t'u  As  mentioned  earlier. '  svo- corrected  dor  Oiioreseenee,  winch  may  have  affected 
some  .earlier'  measurements.  I  or  o\> gen.  we  fun!  the  cr  sx-seclion  m  be  23  Mb.  Ollier 
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celL  I  he  average  ot  nil  values  is  24  Mb  Mr  nitrogen  and  2b  Mb  for  oxygen, 
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\n i  i  I  iic  pillowing  s> p.ih<»ls  are  used  to  indicate  region  of  the  absorption  spectrum  of  the  solar 
line  vonu  is  continuum:  bund,  band  .showing  designation  pieuiuisly  given  ;  Kyd.  I  2<>  Rydberg 
6,, ml.  member  of  seiics  having  appaicut  tjaauUiin  number  \  ami  converging  to  the  r  0  level 
ol  the  .  I  Mate  of  the  molcuilc  ton:  /'.  band  shows  appaienl  pressure  e  fleet.  i  means  fluorescence 

coneclion  applied. 

CONCI  USION 

j  olal  absorption  cross-sect  tons  ol  molecular  oxygen  ami  nitrogen  have  been  given  lor 
the  wavelength  region  580- 1050  A.  (  russ-sections  for  oxygen  have  also  been  given  in  the 
Seiwmumn-Kuuge  continuum.  Those  cross-sect  ions  can  be  used  for  calculation  of  forma¬ 
tion  lutes  of  reactive- species  and  of  particle  concentrations  in  the  atmosphere.  I  hey  can 
also  be  used  to  inter prel  solar  flux  measurements  as  a  function  of  altitude.  C  omparison 
v. ah  other  measurement's  has  been  made  ufe/e  possible. 
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